A combined effect of microwave irradiation and solvent types on the phenolic compounds extraction from Orthosiphon stamineus leaves was studied. The effect of as extraction time, the microwave irradiation power and solid to solvent ratio on the extraction yield was studied. Aqueous solvent provides a broader range of polarity than the pure solvent, and hence enabled a simultaneous extraction of both methoxylated and hydroxylated phenolic compounds. It was found that the extraction time of 2 minutes, microwave irradiation power at 300W and 20:1 solvent to solid ratio yielded highest simultaneous extraction of polyphenols (i.e. rosmarinic acid 32.45 mg RA/g DW, sinensetin 261.15 µg Sin/g DW and eupatorin 2.27 mg Eup/g DW). Result from this work may serve as a useful guide to obtain higher yield of polyphenols from O. stamineus.
Introduction
Orthosiphon stamineus (vernacular name: 'misai kucing') is a plant with flower which look like cat whisker. In Southeast Asia folk medicine, O. stamineus often for diuretic and treatment of kidney bladder stones [1] . Previous studies revealed that extract of O. stamineus contained many medically useful bioactive compounds such as terpenoids, polyphenols and sterols that poses a diuretic [2] , antidiabetic [3] , antiangiogenic and antiproliferative properties [4] .
Extraction is a vital step to recover and purify bioactive compounds from plant materials. The yield of bioactive compound in the extract depends on the solvent used, extraction method and condition. Conventional extractions such as soxhlet extraction and maceration (ME) are normally performed at high temperatures for several hours which may suffer from thermal degradation of polyphenols due to heat exposure over a prolonged period. In recent years, many better extraction methods have been developed such as the ultrasonic-assisted extraction (UAE), microwave-assisted extraction (MAE), accelerated solvent extraction and supercritical fluid extraction. Supercritical method is often energy consuming besides requiring a higher capital and operating cost owing to its high pressure requirement and hence less favorable. The UAE utilized the cavitation bubbles generated by the ultrasonic wave to break the plant cell wall and hence effectively releasing the intracellular products of the plant material. Microwave extraction utilizes an electromagnetic radiation wave resulting in solvent heating. The microwave energy cause the moisture contain inside the plant cell to heat up and evaporates, thus generating tremendous pressure resulting in cell rupture and facilitating the leaching out of the phyto-constituents, therefore enhancing extraction by reducing the inner and external mass transfer limitation. To our best knowledge, MAE has never been used to extract polyphenols from O. Stamineus and hence this is the aim of this work. In this work, the effect of microwave power, extraction time, solid to solvent ratio and solvent type on the yield of polyphenols was elucidated.
Materials and Methods
Sample Material and Chemical. The O. stamineus white flowered leaves were collected in Gambang, Pahang, Malaysia which are same as the one used in our previous work [5] . The collected fresh leaves were immediately cleaned with deionised water and oven dried at 37 °C for 3 days before ground into powder. The standard for eupatorin, rosmarinic acid and sinensetin were purchased from Sigma Aldrich. The HPLC grade acetonitrile (ACN) and analysis grade methanol (MeOH) and isopropanol (IPA) were obtained from Merck. The trifluoroacetic acid (TFA) was obtained from Fisher Scientific.
Polyphenol Extraction. The MAE was performed using a domestic microwave oven system (Samsung, MW71E, Korea). The powdered plant material was weighed and mixed with solvent in a 50 ml PTFE Teflon vessel. The influence of extraction time (30 to 300 seconds), microwave irradiation power (100 to 450 W) and solid-to-liquid ratio (0.05 to 0.2 g/ml) was studied. After MAE treatment, the residue was separated from the extract by filtration through 0.45 μm nylon membrane filter using vacuum filtration and the supernatant were kept at -80 °C until analysis was performed. The ultrasonic extraction method was performed according to our earlier work [5] .
Analysis of Polyphenols Content. Qualitative and quantitative determinations of O. stamineus extract major constituents (rosmarinic acid, sinensetin and eupatorin) were performed on a Waters Acquity UPLC H-Class (Milford, MA) fitted with Acquity UPLC HSS T3 column (2.1 x 75 mm, 1.8 µm) and a Acquity UPLC HSS T3 VanGuard column guard (2.1 x 5 mm, 1.8 µm) following the method recently developed in our earlier work [6] .
Results and Discussion
Influence of Solvent Type. The effect of solvent type on polyphenols extraction was studied using various solvent for both MAE and UAE methods. The extraction time for MAE and UAE were set at 2 and 90 minutes, following the preliminary study which indicates their optimum extraction time. The MAE power was set at 200W. All extractions were performed on similar solid to solvent ratio. The solubility of the bioactive component in different solvent is affected by its structural characteristic. Highly methoxylated compounds (lipophilic) such as sinensetin and eupatorin are more soluble in a lower polarity solvent such as isopropanol. Similar findings are also reported by Akowuah et al. [6] which found that the amounts of sinensetin and eupatorin are higher in lower polarity solvent, i.e. chloroform. However, a highly hydroxylated compounds such as rosmarinic acid is hydrophilic thus more soluble in methanol than in isopropanol. The results in Table 1 suggest that aqueous alcoholic solvent has a higher (> 30%) extracting capacity of total flavonoid and total phenolic content compared to pure solvent (100% methanol and 100% propanol) which is consistent with findings from Wach et al. [7] . They found that aqueous methanol ranged from 40 to 80% is preferable for rutin and quercetin extraction from Hypericum perforatum. The aqueous solvent provides a wider range of polarity in contrast to the pure solvent, and hence enhances simultaneous extraction of both lipophilic and hydrophilic compounds. This phenomenon can be seen clearly for the case of aqueous isopropanol by MAE, which increases extraction of rosmarinic acid (hydroxylated compound) over ten folds from 2.93 to 34.78 mg/g DW without adversely affecting the extraction of the methoxylated flavonoid (sinensetin and eupatorin).
Solvent with high dielectric constants (i.e. water) can absorb more microwave energy, resulting in rapid heating. This is also one of the reasons why the extraction efficiency of MAE differs to UAE. As shown in Table 1 , water under microwave irradiation is capable of extracting over fifty folds amount of rosmarinic acid (13.57 mg RA/g DW) but merely 0.25 mg RA/g DW during ultrasonic extraction. UPLC analysis shows a tiny presence of sinensetin (13.52 µg Sin/g DW), eupatorin (0.04 mg Sin/g DW) and rosmarinic acid (0.25 mg RA/g DW) from water extract. This is in agreement with the previous study by Pan et al. [8] who reported a very small content of both eupatorin (0.00035%) and sinensetin (0.00056%) sometimes being undetectable in water extract.
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Material Science and Engineering Technology V Note: Means (three or more replicates) marked by same letter are not significantly different (P > 0.05). Although water can extract rosmarinic acid, it cannot extract sinensetin and eupatorin from the plant matrix. Therefore solvent in which the target analyte is soluble must be considered. Hence, aqueous solvent is still preferable in microwave extraction in order to obtain higher yield of the targeted analyte. Finding from this work shows that solvent with a small amount of water added (i.e. 70% MeOH and 70% IPA) is the preferred solvent to achieve a higher simultaneous extraction yield of the target compound. The highest simultaneous extraction of the three targeted compounds was obtained using 70% IPA and thus this solvent will be used for the remainder of this work.
Effect of Microwave Power. The power level was set at 100W, 200W, 300W and 450W with an extraction time fixed at 2 min to study the effect of microwave power. The results in Fig. 1 showed that there is no apparent degradation for MAE even at microwave power up to 450W where temperature can briefly reach above 70 °C. Significant increases in the amount of rosmarinic acid (56.43%), sinensetin (171.42%) and eupatorin (131.38%) were observed when the extraction power increases from 100W to 200W. However, slightly decreased in the amount of rosmarinic acid and Materials Science Forum Vol. 890 sinensetin were observed at 450W. Therefore, 300 W was selected for further experimentation. Findings from this work is in agreement with those obtained by Chen and Spiro [9] .
Effect of Extraction Time. The effect of extraction time was studied at fixed extraction power of 300 W and the extraction time was varied from 30 to 300 seconds. Figure 2 showed the influence of extraction time on the yield of active components. A drastic increase in extraction efficiency of polyphenols was observed from 30 to 40 seconds; however the plateau after 40 seconds. This is due to the high concentration gradient between the leaves powder and solvent in the beginning of the extraction. The concentration gradient reduces with time and therefore only a small increment was observed as the time goes on which is consistent with Fick's second law.
Effect of Solvent to Solid Ratio. The effect of the solvent to solid ratio on the extraction of polyphenols from O. stamineus was studied by comparing the result obtained from five ratios (5:1, 10:1, 20:1, 100:1, 200:1; ml:g). The MAE extraction was performed for 2 minutes using 70% aqueous IPA, at 300W which is the optimum condition found from the previous study. The results in Fig. 3 showed that the yield of active component increases when the solvent to solid ratio increase from 5:1 to until 20:1. Similar finding was also reported by Pan et al. [10] who studied the extraction of tea polyphenols and tea caffeine, whereby the liquid to solid ratio of 20:1 provides the highest yield.
Conclusion
Polyphenols extraction from O. stamineus leaves was successfully performed via MAE. The MAE provides an efficient extraction of rosmarinic acid, eupatorin and sinensetin from O. stamineus leaves within 2 minutes as opposed to over 30 minutes using other methods such as UAE and maceration. It was found that aqueous solvent such as 70% propanol gives a better simultaneous extraction yield of both the both methoxylated and hydroxylated phenolic compounds. The extraction condition at 20:1 solvent to solid ratio, extraction time of 2 minutes and microwave irradiation power at 300W yielded the highest simultaneous extraction of polyphenols (i.e. rosmarinic acid 32.45 mg RA/g DW, sinensetin 261.15 µg Sin/g DW and eupatorin 2.27 mg Eup/g DW).
